Abstract. Shubnikov-de Haas (SdH) oscillations in the stage-1 FeCl 3 and CoCl 2 graphite intercalation compounds (GIC's) were measured in a wide temperature and magnetic field regions. There are two dominant SdH oscillations with values of 75 and 300 T in FeCl 3 GIC, and of 48 and 360 T in CoCl 2 GIC, respectively, with the magnetic field parallel to the c-axis. In both compounds, the SdH oscillations are observable only in a very limited field angle region, suggesting that the interlayer transport is incoherent. The overall feature of the angular-dependent magnetoresistance can not be interpreted by the semi-classical picture based on the Boltzman transport theory. These results can be ascribed to the strong magnetic scattering between the conduction π-electrons and localized 3d-magentic moments.
INTRODUCTION
Graphite intercalation compounds (GIC's) with magnetic intercalants have been extensively studied because intriguing phenomena are expected, arising from the interaction between the conducting π-electrons in the graphene sheets and the localized magnetic moments [1, 2] . Among them, FeCl 3 and CoCl 2 GIC's are reported to show antiferromagnetic transitions at high temperatures (T N ~4 K for stage-1 FeCl 3 GIC and T N ~9 K for stage-1 CoCl 2 GIC). At T N , a resistance jump is observed in each compound, suggesting the sufficiently strong coupling between the π-electrons and the localized 3d moments [1] . Such strong π-d coupling is expected to provide new aspects in the mechanism of electronic transport for the magnetic GIC's. In this work, we measured the out-of-plane (c-axis) magentoresistance of FeCl 3 and CoCl 2 GIC's to investigate the effect of the π-d interaction on the electronic properties.
EXPERIMENTAL RESULTS AND DISCUSSION
The samples for the present measurements were synthesized from highly oriented pyrolytic graphite (HOPG, Union Carbide Co.) for FeCl 3 GIC and from kish graphite for CoCl 2 GIC [1, 3] . The resistance was measured by a conventional four-probe ac technique with electric current along the caxis, which is perpendicular to the conduction (ab) plane. Four gold wires (φ10 µm) were attached to the samples by silver paste. The experiments were made by using a 3 He or 4 He cryostat with superconducting magnets with a sample rotator. The field-dependence of the resistance is shown in Fig. 1 . At high magnetic fields where the antiferromagnetic orders are removed, we successfully * Corresponding author: K. Enomoto, e-mail: ENOMOTO.Kengo@nims.go.jp JOURNAL DE PHYSIQUE IV 314 observed Shubnikov-de Haas (SdH) oscillations in both compounds. The Fourier transform spectrum (Fig. 2) shows the presence of two fundamental frequencies α (75 T and 48 T) and β (300 T and 360 T), and their combination frequencies. Such low frequencies can be ascribed to the small closed pockets formed by the reconstruction of the original π-bands of the graphene layers due to the formation of a superlattice of the intercalants. In both compounds, however, the SdH oscillations are observed only for Θ < 20 degrees, where Θ is the angle between the magnetic field and the c-axis. The observation only in such a limited angle region suggests that the interlayer transport is incoherent due to the presence of magnetic moments for both compounds. This observation motivated us to measure the detailed angular-dependent magnetoresistance oscillation (ADMRO) effect. In both compounds, the resistance is found to show a periodic structure as a function of tan(Θ). The structure seems the standard ADMRO's as observed in various 2D systems with corrugated cylindrical Fermi surface. Recent theoretical studies propose that the standard ADMRO's could appear even in the system where the interlayer transport is weakly incoherent [4] . The background magnetoresistance takes maximum and minimum values when magnetic field is parallel and perpendicular to the c-axis (ρ c (B||c) > ρ c (B⊥c)), respectively. This behavior is not explained by the semi-classical picture based on the Boltzman transport theory, where the coherent interlayer transport is assumed. The above discussion leads us to conclude that the interlayer transport in these systems is weakly incoherent. Some experimental studies in well controlled GaAs/AlGaAs semiconductor superlattices have been done on this issue, and a similar result has been obtained [5] . The origin of the incoherent transport in these systems can be ascribed to the magnetic scattering between the conduction π-electrons and localized 3d-magnetic moments. Further experiments in non-magnetic GIC's as well as in magnetic GIC's are now in progress. 
